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(54) (57) KAJ1 H SPY KDIUAH HACAAKA K 
3KCTPyflEPy JUW. KA JIHBPOBAHHfl 
TPYB H3 TE PMOn Jl ACTO B , coAepacamaH 
oxjiaKitaiomyio py6auiKy, KajiH6pyiomyK> BTyji- 
Ky c npoxoAHbiMH KaHajiaMH ajih XjiaAareH- 
Ta H C OCHOBHOH KOJlbUeBOH FIpOTOMKOH nO 

BHyrpeHHeH noBepxHOCTH, noABOAfliUHH h ot- 
boahiuhh xpy6onpoBOAW h pa6oMyio KaMepy 
AJifl xjiaAareHTa, OTAunaiou^ajiCH TeM, hto, c 
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uenbio noBbiuieHHH KaMecTBa , /rpy6 3a cneT hh- 
reHCH(}>HKauHH npouecca Termoo6MeHa h o6ec- 
neneHHH paBHOMepHocTH oxji a >k ach h h no Ha- 
py>KHofi noBepxHOCTH Tpy6, paSonan KaMe- 
pa ajih xjiaAareHTa BbinoJiHeHa b bhac pa3Me- 
meHHbix b KaJiH6pyK>mefl BTyjme paBHOMep- 
ho no ee oxpy>KHOCTH neTHoromfcna npo- 

AOJlbHblX CeKUHH, C006meHHbIX npOXOAHblMH Ka- 
HaJiaMH C OCHOBHOH KOJIblieBOH npOTOMKOH 
H AOnOAHHTeJlbHblMH KOJlbUeBblMH npOTOMKa- 

mh, KOTopue BbinanHeHbi no BHyTpeHHeft no- 

BepXHOCTH K^JIH6pyiOUieA BTyJIKH, npHMCM He- 

weTHbie npoAOJibHbie ceKUHH coeAHHeHbi c noA- 
boaaiuhm Tpy6onpoBOAOM, neTHbie — C OT- 

BOAHIUHM Tpy6onpOBOAOM, a OCHOBH3H H 

AonojiHHTejibHbie KonbueBbie npoTOMKH coe- 

AHbeHU M e>KAy CO6OH KaHdBKBMH B BHAe 

Mkoro3axoAHOH pe3b6u, BbinojiHeHHbiMH no 
BHyTpeHHefi noBep xhocth KaAH6pyiotueft 

BTyJIKH. 
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H3o6peTeHHe othochtch k nepepa6oTKe no- 

JIHMepOB B H3AeAHfl, B HaCTHOCTH K npOH3BOA~ 

CTBy Tpy6 H3 TepMbiiJiacTOB, h mokct 6uTb 

HCnOJIb30BaHO B XHMHMeCKOH npOM blUUieHHOC- 
TM, B MauJHHOCTpoeHHH. 

l\ej\h H3o6pereHHH — noBbiuieHHe KaqecT- 
Ba Tpy6 3a cqeT HHTekCH^HKauHH npouecca 
Ten^oo6MeHa h o6ecneqeHH« paBHOM epHOCTH 
oxjia>KAeHHfl no Hapy>KHOH noBepxHOCTH Tpy6. 

Ha c})Hr. 1 cxeMaTK^ecKH noKa3aHa Ka- 
jiH6pyioiuaH HacaAKa BAOJib och SKcrpyAnpye- 10 
moh Tpy6b!, pa3pe3; Ha <\>nr: 2 — r- ceqeHne 
A — A Ha $Hr. 1 (no n o aboah uieM y *' Tpy6o- 
npoBOAy); Ha (pur. 3 — ceqeHHe B — B Ha 
4>Hr. 1 (no OTBOAHiueMy xpy6onpoBOAy). 

KajiH6pyK>mafl HacaAKa coAep>KHT ox.na>K- 
Aaiomyio py6auiKy 1, noABOAHiunft Tpy6onpo- 15 

BOA 2 H nOABOAHlUHe OTBepCTHH 3, OTBOAA" 
UJLHH Tpy6onpOBOA 4 H OTBOAHmHe OTBepCTHfl 

5, KajiH6pyiomyio BfyjiKy 6 c ochobhoh h ao- 

nOJIHHTertbHblMH KOJlbUeBblMH npOTOMKaMH 7, 
BblljOJIHCHHblMH nO BHyTpeHHeH HOBCpXHOCTH 20 

KaJiH6pyiomeH BTyjiKH 6: B KajiH6pyiomeH 
BTyjiKe 6 pa3MemeHa pa6oqa« Karviepa juin 
xjiaAareHTa, BbinojiHeHHan b BHAe paBHOMepHO 
pacnoJio)KeHHbix no OKpy>KHOCTH KajinGpyFomeft 

< BTyjiKH 6 MeTHOPO HHCJia, npOAOJIbHblX CeKUHH 

8 h 9, coo6meHHbix n pox o ah bi m h KaHajiaMH 25 

10 C OCHOBHOH H AOnOJlHHTeJIbHblMH KOJIbUe- 
BblMH npOT04K3MH 7; KOTOpbie COeAHHeHbl MOK- 
Ay C060H K3H3BK3MH 11 B BHAe MHOr03aXOA- 

hoh pe3b6bi, BbinojiaeHHUMH no. BHyTpeHHefi 
noaepxHOCTH KajiH6pyiomeH HacaAKH 6. He- n 
qerHbie npoAOJibHbie cckuhh 8 coeAHHeHbi c 
noABOAHiUHM Tpy6onpoBOAOM 2, a qeTHbie npo- 
AOAbHbie cekuHH 9 — c otboahiuhm Tpy6o- 
npoBOAOM 4. flo3HUHeH 12 Ha qepTe>Ke noKa- 
3aria ? 3KCTpy3HOHH3H rojioBKa, a no3HUHeH 13 
OTMeqena KaMepa ox/ia>KAeHHH. 3 

KajiHSpyiomaa HacaAKa pa6oTaeT cjieAyio- 
luhm o6pa30M. 

3KCTpyAaT H3 3KCTpy3HOHHOH TOJIOBKH 12 

b BHAe Tpy6bi 14 npOTHTHBaiOT qepe3 KajiH6- 
pyiomyio BTyjiKy 6 h KaMepy 13 oxjia>KAe- 

HHH. BKJHOqaiOT OTCOC H3 npOAOJIbHblX 40 

ceKUHH 9 qepe3 otboahiuhh Tpy6onpOBOA 4 h 
OTBOAHuiHe OTBepcTHH 5. Oah ob pern eH ho x ji a a- 
areHT q ep e3 n oa bo ah iuh h Tpy6onpoBOA 2 h 
noABOAHiUHe OTBepCTHH 3 nocTynaeT b npo-. . 
AOJibHbie cenuHH 8, nppxoAHT qepe3 KOJiueBue 
npoToqRH 7 h npoxoAHwe KaHajiu 10 b npo- 45 
AOJibHbie ceKUHH 9 h Aajiee b otboahiuhh 
Tpy6onpOBOA 4. 

XjiaAareHT, cboGoaho npoxoAH no KOJib- 
ueBWM npoToqkaM 7 h KaHaBKaM 11, hhtch- 
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chbho oxjia>KAaeT 3KCTpyAaT-Tpy6y 14. 06Men 
oxjiaHCAaiomen xchakocth ocyinecTBjfiHeTCH 
6wcTpee 3a cqer roro, mto xjiaiareirr, bw- 
6pouieHHbiH Ha nosepxHocTb Tpy6bi 14 h oto- 
6paBiiiHH y Hee qacrb Tenjia^ xyr «<e yAa- 
jifleTCJi qepe3 coceAHHe npoxoAHbie Kanajibi 10 
KOJibueBbix npoToqeK 7 h ceKUHH 9, T.e. xjiaA- 
areHT nppxoAHT He no BceMy nepHMeTpy Ka- 
jiH6pyioiueH BTyjiKH 6, a TOJibKO no qacTH ee, 
npH 3tom Ka>KAWH yqacrroK HapyM<HOH noBepx- 
hocth Tpy6w 14 ox^a>KAaeTc« 6ojiee paBHOMep- 

HO H HHTCHCHBHO. 

CHJia TpeHHH Tpy6bi 14 no KaJiH6pyio- 
meft noBepxHOCTH HacaAKH yBejiHqHBaeTca 
p6biMHO c noBbiuieHHeM TeMnepaiypu HacaAKH, 
CKopocrH OTBOAa, AaBJieHHH BiiyTpH Tpy6u 14, 
npH BB€AeHHH cjioh xinaAareHTa npH AaBjie- 

HHH, npHMepHO paBHOM AaBJieHHK) BHyTpH 

Tpy6w 14, CH^a TpeHHH Tpy6bi 14 b KajiH6- 
pyioiuefi HacaAKe yMeHbtuaercn h He bjihact 
Ha npouecc ee o(J)opMJieHHH. 

PaBHOMepHoe h HHTeHCHBHoe oxJia^CAeHHe 
Tpy6bi 14 no3BOJineT noJiyqaTb Tpydu 6ojiee 
OAHopOAHbie no njiocKocTH h pacnpeAejieHHio 
opneHTauHOHHbix Hanpn^eHHA, a Tame c Jiyq- 
uuhmh MexaHHqecKHMH cBOHCTBaMH h 6ojiee 
3<J)<|)eKTHBH0 OTKajiH6poBaHHbie no Hapy>KHOMy 
AnaMeTpy. 

CoeAHHeHHe Ko^iueBbix npoToqeK 7 KaHaB- 
KaM h 1 1 b BHAe MHoro3axoAHOH pe3b6bi o6ec- 
neqHBaer co3AaHHe paBHOMepHoro AaBJieHHH 
xjiaAareHTa Bo.Bcex ToqKax Ka^H6pyiomeH no- 
BepxHOCTH Tpy6w 14 h noAAep>KaHHe nbcTO- 
HHHOrO CJIOH CM33KH H3 xjiaAareHTa Me»cAy 
Tpy6oH 14 h KanH6pyiouieA BTyjiKofl 6. 

B 33BHCHMOCTH or AHaMeTpa Tpy6bi 14, ee 
THna h MaTepHajia, HacaAKa pa6oraeT b pa3- 
jiHqHbix pe>KHMax. IlepBbiH pe>KHM, 3to Ha- 
nopHbiA pe>KHM c KajiH6poaaHHeM pa3AyBOM, 
KorAa BHyTpn Tpy6w 14 n36brroqHoe ab BAenne 
ocymecTBJineT 4>opMOo6pa30BaHHe h KajiH6- 
poBaHHe b KaAH6pyiomeH HacaAKe, a nocxynaio- 
man boab, hmch AaBJieHHe Buuie H36biToqHO- 
ro BHyTpH Tpydw 14, ocymecTBJi«eT npHHy- 
AHTejibHyio CMa3Ky noBepxHOCTH Tpy6u 14. 
BTopoH, — aHajiornqHuft nepBOMy pe»<HM, ho 
TorAa xjiaAareHTOM hbahctch B03Ayx. TpeTHii 
pe>KHM — KorAa b hoaboahiuhh Tpy6onpoBOA 
2. BOAa 3acacbiBaeTCH noA BBKyyiyiOM qepe3 
OTBOAHiUHfi- Tpy6onpoBOA 4, h, npHHyAHTejib- 
HO CMbiBan ee^ npOH3BOAHT BaxyyMHoe <|>op- 
MOBaHHe h 6xJia>KAeHHe, OAHOBpeMeHHO o6ec- 
neqHBas npkHyAHTejibHyio CMa3Ky. B stom cjiy- 
qae BOAa mokct noAaBaTbcn CMeujaHHofi c 

BQ3AyXOM. 
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(54) (57) KAJlHBPyiOlllAfl HACAttKA K 
3KCTPyHEPy JUIH KAJIHBPOBAHHfl 
TPyB H3 TEPMOn/1 ACTOB. cojiepxcautasi 
oxjiawjaxmiyio pyoauixy. KajiH6pyomy» Bry.n- 
ny c npoxoAHMMM KaHa-iaMH xa* xviaaareH- 

Ta H C OC HOB HO ft KGLl bUCBO A npOTWKOft BO 
BHyrpCHHCft nOBepXHOCTH. ROaBOa«ttUHH M ot- 

BoaniUHH TpyoonpOBoaw m paoonyo xaiiepy 
xi a x-iajxareHTa. oTAUHaKHnaxca re*. «rro. c 
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utnwo noBuujeHHR KaqecTBa TpyO aa wct hh- 
TescH^HxaoHH npouecca Tcruioo6MCRa h o6cc- 
neqeana paBMou cphocth pxJiaxcaeHHsi no Ha- 
pyactioA noBcpxHocTH Tpy6. paooMan Kane- 
pa juih xjajareBTa eunciHCHa b Bide paaxe- 
meHHba b Kajui6pyv>tueH BryjiKe paBuonep- 
bo no ee bxpyxBOcni qenioro inaa npo- 
AOJibKbix cmaHH. cooCiueflHMX ddoxoahmmh ita- 
sajiaMB c ocaoBBoA xovibuesoA pdotohkoA 
h AonamBBTcibaumi KouibueBUMH npOToq*a- 
mm. koropwe BunojiBCBu no BRyrpewHeft oo- 
BepxBocni Kajn6py»meA BTyjiKH. npinoi He 
icTRbie npoAoatHue cexuH* coeaMBesiu c noa- 
BoABnum TpyoonpOBoaoM* seTHhie — c OT- 
BOOBlDJOt Tp>-oonpoBOjoM. a OC HOB Ha 51 H 
aonaiHBTe.ikHhie icaibueBtje nporroMKsi coe- 
AMHeHU Mexcay coooA KaHaaxaiiR b sue 
MHoroaaxooHoA pe3b6w. BbinouiHeHHbiMH ho 
BHyrptHHeft noaepxROCTH Ka*iH6py»uieA 

BTy.lXH. 
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: fS'tt^^fe HioOpcTCiiiic oTiicK-rf.vH .iopcpoflfn^r no. 

^AHMepOB B H1.AW1HH, B Moirriluwin K ItP'teJ'TaBy 
r : ^1?.-*i?CTBy^TpyO H3 TepMOtM 8CTOI1, It MOWeT 6hlTb 
' : : ?\X/HCnOflb30BaHO B XHMHMCCKOA npOM Millet: nrtOC- 
, ^'iTH.^B MauiHHocrpoeHHM. '. ; . 7. ^ , 

■^^•y.^VJUcnb K3o6percHHH — noBbituetiHe kasccT- 
\\}^i-5''£*fjppy6 3a cKer iiiiTCHCH4>HKauHH npouecca 
'y:^j^^Wmoo6MCHa m oOecneMeHHfl' paaHOMepHOCTM : 
^r^?6jM«JMeiiMH.noX*py'KHoa noBcpxHocrH Tpy6. 

. : t ^ : '^v*iK^pyibmafi r HacaiiKa BAoJib och" 3KcrpyiHpyc^ 1 
"... j moA '.rpy6u. paape3; Ha 4>nr. 2 ^— ^ceicHMc 
'V&AttA Ha.(J>Hr. I (no noABOAfluieMy 1 Tpy6o- 
. V?^t£npioBQAy); 4 Ha j^r., .3 cw«we o-— B Ha 
' : <"° OTBOAiuacMy ^yoonpoioAy). 
vfi^i- j ;i Ka-iHCpyioman HacaAxa coAepxcHT oxjiaac- 
-. c r lAaipittjro pyfiaiuxy 1, noABOAfttUHA Tpyoonpo- 

• ^/BOi .2 . H. nOABOAHLUHe OTB6pCTHH 3jf OTBOAH" 

, uih A xpyoonpoBOA 4 h otboa hiuhc orrsepcnisi 
v£-5. kajiH6pyx>uiyx> BTyAxy 6 c ochobhoA m'ao- 
. nojHKTcibHbiMH KaiMieabiMH npoToqKaMH 7. 

* /? BMLOJIHeH H UM H no BHyTp€HHeA UOB^pX BOOTH 20 

' % N ?i^f K^libpykiuieA BTyjixii . 6. B .Vwgi h ppyiome A > 
i v^^'tnySke 6 pa3Meiuefia pa 60s an kaMtpa nasi V" 
.■.-^uwareiiTa, BunouiHeHHan a bhac panaonepHo 
' pacoaioxefmux no oxpyx hocth K3JiH6py»ineft 
« BTy.TXN 6 <teTHoro MHcaa. npbA<»b«ux, cexuMA 
: V*?'8 a 9. cooouiemiux npoxoAHUMM i KaHuaMH 25 
.1 10 .c ochobhoA h AonaiHMT&ibauMM "KO.*ibtie- 
r BUMn npoTomcaMH 7. xoropbie coejuwetiu neac- 

Ay CO60A K3H3BKaMH II B BHAC M HOT033 X OA- 

hoA pob6u. BbinojiHeHHbiMH no BityTpeH h ett 
noecpxHocTH ica.iH6py»iucA Hacaox* 6. He- 
«*thuc npoaoautue cckumh 8 couMHWhi c 
nQABOAfliuHM TpyoonpoBOAOM 2, a HCTHbie npo- 

AKMbHUe CCKUHH 9 — C OTBOAHmNH TpyOO- 

npoBojoif 4. T1o3HUHeM 12 na qepTeace noxa- 
iaKa >KCTpyaHOHH3fl ro.ioetca. a nosMaMefi 13 
OTvweHa xauepa ox.ia»caeHMii. 

Ka.iM6pyK>iuan Hacaoxa paooraer c.ieayo- 
iuhm o6paaou. 

3KCTp>UaT H3 3KCTp>*3HOHHOH rOCIOBKH 12 

b BMje Tpy6w 14 npornrNBaxxr <iepes xajiw6- 
pyniuyn BTy.ixy 6 h xa»iepy 13 oxaaatit- 
MH5i. BiciioMaioT otcoc H3 npoioibHux 
racuHfi 9 Mepc3 otboabiumA Tpyoonpoaoa 4 h 

OTBQARIUHC OTBepCTHH 5. O J HOB pCMCH HO 3L1 aj- 
ar PUT Mepe3 hoABOABiUHA TpyobnpoBOA 2 h 
nooBOAfiuiHe OTBepcTMB 3 nocrynaeT b npo- 
ACLibHbie cexuHH 8. npoxoAHT Nepcs xoaueBue 
nporoMKH 7 h npoxooHue xaHaau 10 b npo- 
AOibHue cexuHH 9 h Aaaec b otboahuihA 
TpyoonpoBoa 4. 

XiajaretfT. cbo6oaho npoxoAH no, Kocjb- 
ucBbJM nporoHxaM 7 h xanaBxaM 11. "hhtcm- 
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CHDHO OXAB>kA0ef JKCTpyABf -tpyfiy U: OCi4fll 

ox*a*Aa»utcH )Xhakocth ^ccym^cTC-mctw, 

OWCTpCC 33 CMCT TOrO^MfO XJIBABreJlT, Bbl- 

6p6tueiinuH ifo noBcpxHOCTb Tpyow 14 h oro* 
(SpaauiHA y hc« Macrb TenJia, tyT me yiia- 
jineTCH Mcpca coceAHHe hpoxoAHbic kaHaAbi 10 

KO^IbUCBUX npOTOMCTC .7 H CeKUHH 9 t T.€. XJ13A- 

arcHT npoxoAHT He 'no BceMy hepHMerpy xa- 
jiH6pyioitteA BT^AXH'6; *a"TOAbKo no Macro ee f 
npH 3TOM xaiRAwA yttacroK HapyikHoA hosepx- 
hocth TpyCu 14 bflip^» 6wec pa bhom cp* 1 1 : >^^ r ^C^ : 
ho h HHTeHCHBHoI!^!^^ * r 

Cnjia TpeHHH ' Tpyfibi r?l4.-;'no : KajiH6pyx>- 1 -J... 

uieft . noBepxHocTttt; uacaAKH : yBeAHMHBaercfi 
O6famiio c noBumeHHeM TCMnepaTypM HacaaxH, j 
cKopocTH OTBO^;'AaBJiCHHH BHyrpn TpytShi 14. v l 

npH BBeACHHH C3on uajuireHTa npn jxasvie- ^ 
hhh» npHxepso * pa bhom ; : Aauenno BHyTpu . 
rpy6u 14. c«a tpCHHa^TpyCu 14 a Ka.iM6* . L r r 
pynutefl aaca»e yMenunaemi n ne BJinner ^ f 

Ha npoaecc ee d^opMAemni. . : : 

PaBBOMCpBOe ■^■BTCHCHBHOe OXA BJK ACHH e 

Tpy6u 14 6oace 
oAHppoAiBm v nb^u^dcra v n ' pacnpeaeae*HK> 
opHraTauHooHUx BanjHOceraift. a raiotc c Jiyi- 
uihmh Mexa^mncciancB^CBoAcTBaMB n Ooaee 
sfrfr q ci h bbo oTxajBopoeaHBMe no Bapy^cnoMy 
anaiferpy. V *W>$M%^3$i& : * " 

CocaxHfBBe KOxae«ux nporoqejc 7 xaHas- 
Kaxn 11b aaae MBoroaaxQsjioA pesbfifai o6ec- 
ne<iHBacT couanae paaaoiiepHoro jiawwHa 
uakaiieBTa bo bccx Toqxax xajH6pyx>meA no- 
BepxHocm Tpyou 14 m • neosepxaime noero 
hhhoto CM* cMUJui B3 uaAarcBTa Meacty 
Tpy6oA 14 ■ Kaan6pyMieM BryjiKoA 6. 

B aaBHCHMOCTB or A»aiteTpa Tpy<$w 14. ee 
inna n Marepaauia. aacaAxa pa6orarr n paa- 
jihihux pe^HMax. IlepBtaA pexcM*. 3to hb- 
nopHbnl pexcRM c KajMoposaHHeM paaayBOM. 
xoraa BHyrpH Tpyou 14 wa6hrrmw>e AasJieHHe 
ocyiuecTBJiaeT $opitoo6pa3oaaHMe n xa.iH6- 
poBanNe b KauiBtSpyvMueA nacaaxe» a nocr> nax>- 
uiaH Bcaa. nnta jautuHe autue h36utohho- 
ro BHyrpM Tpy6u 14. ocyiuecTB.ineT npnny- 
AHTCibHyx> "Oiaaxy noBepxHOCut Tpy6u 14. 
BtodoA — auajorNMHuA nepBOMV peacnw. ho 
Toraa x.iaaareuTOit kblihctcsi acoayx. TdcthA 
peacMM — Koroa b noABOAHiUHA Tpyoonpoaoa 
2 Boaa aacacuBarrca noa aaxyyvoM wepea 
otboakiuhA Tpyoonpoeoa 4. h. npHHyjHTcib-: 
ho cstfaiBaa ee. npoM3BOAHT aaxyyMHoe 4>op- 
MOBaHHc h ox.ia;«3eHMe v OAHOBpeMeHHo o6cc- 
nr e^Hvaa npHHyjuneabHyo cxaaxy. B >tom c.iy- 
ia~e voja noacer noaaBaTbcn cMeiuaHnon c 
aoajyxoM. 



